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Abstract—Based on the regioselective remote photocyclization of a pair system consisting of a phthalimide group
and a terminal sulfide group in their side chain, a variety of azathiacyclic compounds containing 9- to 27-membered

rings were synthesized.

The importance of macrocyclic compounds in biological
and chemical systems has recently attracted considerable
attention. Large number of macrocyclic natural products
including antibiotics such as depsipeptides and macrol-
ides have been isolated, and in many cases their roles as
ligands in complexing various metals have been
identified.> Typically, crown ethers and cryptands are
well known examples of synthetic macrocyclic ligands.?
Although many ground-state reactions for the construc-
tion of macrocycles have been known,’ much less in-
formation is available for photochemical macrocyclic
syntheses.*

During the course of our systematic studies on the
imide photochemistry,” we have found that N-substituted
phthalimides (=1,3(2H)-dioxo-2H-isoindoles) possessing a
terminal sulfide function in their side chain undergo
unusually facile photocyclization to give azathiacyclols.®
We are extending this type of reaction to general syn-
thesis of macrocycles on the basis of a regioselective
remote photocyclization of a *“pair system” which con-
sists of, in this case, a phthalimide group and a methyl-
thio group. With this particular pair, macrocycles of up
to 16-membered,” cyclic peptide models of up to 21-
membered® and crown ether analogs of up to 15-mem-
bered,” have been synthesized. While the phthalimide
ring is a good electron acceptor (A), the sulfide is a donor
(D). Therefore it is assumed that a complex formation in
the excited states may facilitate the reaction, suggesting
a general working hypothesis that compounds possessing
appropriate D-A pair groups, even separated by a long
chain, are capable of forming a new C-C bond on
irradiation (Chart 1).
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In photoprocesses the reactivities often seem to be
more sensitive to the structural and the environmental
factors than in thermal processes.'® Therefore, in order to
see the scope and limitation of the above synthetic
approach, careful examination of a structural variation in
the connecting part (X), which combines the donor and
the acceptor, was needed (Chart 1). We have already
investigated the photocyclization of the phthalimides
containing amide®™ and ether® bonds in their long side
chain (1a-b). In addition, we have preliminarily reported
the results of the photochemical synthesis of macrolide
derivatives of such a pair system with an ester bond in
their side chain as a connecting part (1c)."" In the present
paper we wish to report a full account of this photo-
chemical synthesis of macrolide models.

A series of phthalimides 6 and 8, possessing a w-
terminal sulfide function in their ester bond side chain in
the alcohol and the acyl portion, respectively were pre-
pared by the reactions shown in Chart 2.

A solution of substrate 6 (or 8) in acetone (3-7 mM)
was irradiated with a 400 W high -pressure mercury lamp
in a stream of argon for 30-110 min. As shown in Table
1, in most cases a mixture of 9 (or 12) and 10 (or 13) were
obtained, with the former as a major product, after silica
gel column chromatography in moderate yields (35-80%).
The assignment of these structures was made on the basis
of elemental analyses and their spectral properties. For
example, in the 'NMR spectrum of 9a, a medium-sized
compound obtained from 6a, appeared a new peak of a
methylene moiety at §2.98 and 3.56 as an ABg-type (I =
14.8 Hz), in place of the original S-Me group in 6a, and a
peak of an OH group appeared at § 3.57-4.00, in support
of the cyclol moiety. The IR signals of an OH and CO
groups in 9a appeared at » 3380cm ' (OH) and 1740,
1695 and 1685 cm™' (CO’s), respectively. All other spec-
tral and analytical data satisfied the structure 9a. The
cyclol 9a was readily converted into the dehydrated
product 11a [NMR; & 6.42 (1H, s, olefinic proton)]
through the treatment with p-toluenesulfonic acid in
support of the assigned structure. In a similar manner,
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Table | Photoproducts from the substrates (6. §)

Pholoproductub)

Substrates Cundations

6 [] R Weiqht Conc. Taire 2002 Rirq b 10c13) Rang -p

L] n (gl (mmol] (mmM) {min) (\) si1z¢ {*C) \) si12¢ ¢y
6 1 2 - 0.5(1.8) 6.1 3! 80 9 187-189° -
[14] $ 2 - 0.712.1) T.0 903’ )6 1) 171-172 3 11 166-167°
8a i 10 H 2.115.4] 4.2 60 (45} 17 126-.28 7 1% 141-142
8b 1 10 COOF.: 2.505.4} 4.2 30 8 17 T 12l-'2) -
- T113i-112
6¢c 10 2 - 2.5%16.2) 4.8 110 )5 18 109-121 5 16 160-169
6d b 1l - 2.00(4.3} 3.} 70 34 22 oal ) 20 158-15%9
6e 10 11 - 20[28) 2.9 10 49 27 125-127 10 2% 143-145

(3) A 200 W Nigh pressure mercury lamp were used {or the irradiation

(b) The following abbreviations are used. { = trans. ¢ = <18
(*) Decomposed

uradiation of 6d aflorded a mixture of the cychized
compounds, which was separated by silica gel column
chromatography into 9 and 16b. The NMR spectrum of
9 had a similar pattern to that described above. while
that of the minor product 18b. in which S-methylene
group is involved, showed the peaks of a S-Me group at §
2.10 and an OH group at & 6.40 as singlet, respectively.
The IR of 160 showed signals of an OH and CO groups
at v 3260 (OH). 1730 and 1670 (CO's) cm . respectively.
From the substrates 8o and B, the azathiacyclols (12a
and 12b) of 17-membered ring were obtained. the former
being accompanied by a minor product (13e). Compound

8 afforded a mixture of the azathiacyclols 120, which
was separated by column chromatography into the cis
and the trans isomers, apparently ansing from the
configuration of the ethoxycarbonyl group with respect
10 the OH group. The assignment was made based on the
NMR spectra. The Me part of the ethoxycarbony! func-
tion in 12b appeared as triplet peaks at & 1.24 and 0.95,
for the cis and trans isomers, respectively: The signal in
the trans isomer shifted to a higher field than that of the
corresponding cis isomer, due 10 the shielding effect of
the phthalimide ring. The both isomers were converted
into the same dehydrated compound 140 (R=COOEU)
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through manipulation with thionyl chlonde-pyndine 1n
moderate yields. The structure and stereochemistry of
the azathiacyclol 12b-trans were finally established by
X-ray crystallographic analysis The structure was solved
by the direct method using MULTAN and was refined by

the block-diagonal least-squares procedure. The final R
value was 0.077 assuming anisotropic thermal parameters
for the non H atoms and isotropic ones for the H atoms.
A stereoscopic view of the 17-membered azathiacyclol
120 trans is illustrated in Fig ). During the course of our

Fig | Stereoscopx view of the azathucyclol (12-irans)
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systematic pholochemical macrocyclic syntheses, this is
the first example of the X-ray analysis, in confirmation of
the structural assignment.

Likewise, subsirates 6c, 6d afforded the macrocycles
¢ and 94, with minor products 18¢ and 184, respectively.
Substrate ée afforded a mixture of the expected cychols,
which was separated by siica gel column chromato-
graphy into %¢ of a 27-membered nng and a minor
product 10e of a 25-membered ring. The stereo-
configuration of the above minor products 10 (13) 13 yet
undelermined, but they were one of two possible
1somers, respectively. The NMR and the [R data of %
were in support of the cyclic structure (Expenimental).
The molecular weight values determined by the vapor-
pressure method'’ and the mass spectrometry (MS) were
532 and 531, respectively, both in agreement with the
monomeric value (531).

Thus the expected macrocycl products were
obtained as a result of C-C bond formation between the
imide CO group and predominantly the S-Me group
through an extensive Nornsh type Il process.'’ Some
minor products, in which the S-methylene group is in-
volved, were 1solated mostly in less than 10% yields. It s
remarkable that H 1s abstracted preferentially from the
Me, the less substituted C, despite the lower C-H bond
strength of the methylene, which might be important if
the process involves a direct abstraction of H. Such
preferences have been observed in all the examples of
our remote photocyclization both with w-S-methyl-*’-*
and w-N-methyl-"’ phthalimide derivatives. It has been
known that photoreduction of benzophenone by,'* and
an anodic oxidation'* of N N-dimethylbenzylamine. both
proceed by way of a cation radical intermediate leading
10 a similar preference for the attack on the N-Me
carbon. All the above results suggest that these H trans-
fer processes may be explained 1n terms of the radical
cation mechanism involving the sulfide (Chant 4). Al
though the detailed mechamsm of this remote pholocy-
clization remains for [urther study, tentatively this reac-
tion may be rationalized by rapid electron transfer fol-
lowed by proton transfer from the radicalcation of
methylthio group with favorable entropy factors by vir-
tue of charge-transfer complex formation in the excited
state (Chart 4).°7 The largest ring size obisined 1n the
present study was a 27-membered ring %¢ derived from
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ée. To estimate the efficiency of this remote reaction, the
quantum yxeld was measured. The quantum yield for the
formation of % from ée in acetonitrnle was 0013 =
0.003.”*

In view of the methodology of the photochemicai
macrocyclic syntheses, it is important that the substrates
(6. 8) having a functiona! group such as the ester bond
undergo smooth selective remote photocyclization at the
thiomethyl group without cyclization into the chain in-
tenior. Usually in the Nornish type 11 photocycluzation of
long<chain substrates, a mixture of vanous products are
obtained following the statistical distnbution along with
the chain methylenes.* " * Of all macrolide-forming
reactions, the lactonization of long open<chain hydroxy
acids is the most general method ' In the present syn-
thesis, open. long chain substrates with ester linkages are
cychzed by C-C bond formation. This pair system may
provide a versatile photochemical unit for the synthesis
of various macrocycie analogs.

EXPERIMENTAL

All m.ps are uncorrected [R specira were taken on a Hitachi
IR-215 (Nupoll. UV spectra on » Hitach 323, Mass (MS) specina
on a Hitachi RMS-4. NMR spectra on a JEOL. MH60 (CDCI,.
(Me)S1 a3 an internal standard: the chemical shifls are expressed
i & {ppm). coupling comstants (J) are given i Hz). unless
otherwise specified
11-Methylthwouadecanol (8. n = 11)

A mixture of 11-bromoundecanol (50¢. 199 mmol) and MeSNa
(28 g. Y57 mmol) in DMF (360 ml) was stured a1 60° for Thr The
miziure was poured iato waler. extracled with ether. The
extracts were washed with bnine and concentrated a vacuo to
pve o dg (B4%) of s sohd. bp 148-151"ImmHg. mp 13-3%°
(Found. C. 6625 H. 1211, 5,14 49. C ,H, 0S8 requires C, 66 01;
H.1200; 5. t4 66% )

1LM2H Droxo-2H-1s0indol- 1. undecanoic acud (&)

Compound 2a'* (219g. 0.1 mol) was added 10 a stwred soln of
3 (m=10) (20.1g. 0 ) mol} and Na.CO, (106g. 0 1 mol} in HO
(150 ml) at 25* for 1 hr. After insoluble matertals were Slered of,
the Ritrate was acxddied and the ppts were coilecied by suchon,
washed with H.0. and dned 10 pve 208 3 (63%) of &, colorless
needles from ether, mp 90-91° (Found. C, 68.66. H. 754, N,
432 C,sH:NO, requires C. 6886 H. 760, N . 423% )

General procedure for the synthesis of & (cm?l for Ge),
Thionyl chionde (15 ml) was added to a solution of 4' (55 mmol)
n DMF (0 1 m)) and CHC), (60 ml} at 25* After refluning for 2 hr,

2(12) + 10013
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the solvent was evaporated to pve the acid chionde.'” which was
used in the neat reachion A soln of the acd chlonde (55 mmol) 1n
CH.Cl, (40 ml) was added to a stared soln of $ (55 maol) and
Et,N (5$ mmol) in CH,Cl, (S ml) at - 20° ~ - 40° for 30 mn After
stumng for 3 hr at 25°, the mixture was poured into dil HC| and
extracted with CHC!, The extracts were washed with 5%
NaHCO,, H,0 and concentrated in cacuo The residue was
purified by recrystalhizabon of Si0, column chromatography

Y4 Methvithio)ethyl-1 X2H) dioxo-2H-1somdol - 2-acetate (6a)

The residue was recrystallized from benzene-hexane, 13.5g
(REF) of colorless needles. mp 717 [R 1770, 1724¢m ' MS
mie Y19 (M) NMR 272 QH.t. ) =7Hz SCH;). 212 OH. s,
SCH,) (Found  C.$396. H. 468 N. 508, S 1106 C,,H,,NO,S
requues C.$391. H. 470. N. 502, S, 1146%.)

Y4 Methylthwo)ethvi-} M 2H)-dioxo-2H-1s0ndole-2-hexaroate (60)

The residue was chromatographed (hexane AcOEt=4:1).
16 3 g (89%) of a pale yeliow ol IR(liqud): 1765, 1710¢m ' MS
mie. 135(M°) NMR 269 (2H.1.) =67 Hz. SCH,). 214 3H. s,
SCH,) (Found C. 6101, H 641: N. 415, 5. 968 C,.H,NO,S
requires C. 6088 H. 631 N 418 S 94%)

2{Methvrithio)ethyl- | M2H)dwso-2H-isoindol-2- undecanoate
(6c)

The residue was chromatographed (hexane - AcORL 4 1),
95 0%, 180g (ROFY) of a brownish ol [R(hqud) 1765,
1730, 1710cm ' MS mie 405 (M') NMR 271 (2H. 1, ] =68
Hz, SCH,). 215 (3H. 3. SCH,) (Found C. 6493 H. 757 N,
3183.8.777 C..H,NO,S requires C. 6516 H. 771 N, 348, S,
T89% )

11 { Methylthio)undecyl-1 M2H)-dwozo-2H-1501adole-2-hezarote
(6d)

The residue was recrystalluzed lisopropyl-cther-hexane) after
chromatography (benzene-AcOEL =95 0%). 59 (23.2%) of
coloriess pnsms. mp 4849 IR 1770, 1735, 1695cm ' MS mie:
461 (M*) NMR 268-219 (2H. s. SCH,. 208 (3H. 5. SCH,)
(Found C.6788. H. 837, N.313.S 685 C,,HuNO,S requires
C.6765, H.8S2.N.313¥0.S. 690% )

11 - (Methyithioundecl - | M2H) - dwzro - 2H - tsomdol - 2 -
urdecanoate (be)

A suspenton of & (662g. 0mmol). § (n=11) (4363,
20 mmol). 1-methyl-2<hloropyndinum wodide™ (6 13 . 24 mmol}
and Et,N (4 8%g. 48 mmol) in CH,CI, (40 mi) was refluzed under
an argon atmosphere for 7hr After removal of the solvent. the
rendue was chromatographed on Si0); (hexane-AcOFL =9 1) to
pve 761 g (71 6%) of 6e, colorbess crystals rom AcOEt-hexane.
mp 6364 IR 1760, 1725, 1TSS, 1680¢cm '. UV (MeOH)Y
293nm (e = 3620) MS mie $31 (M) NMR: 2.56-216 QH. m.
SCH,). 208 (3H.s. SCH,) (Found C.7047 H. 914 N, 264. S,
594 C\,HWNO,S requires C.7002. H.929. N.263.5.602%)

1.M2H) - Droxo - 2H - 1sowmdol - 2 - yimethvl - 11 - (methylthio) -
aadecanoaie (Sa)

Onraly! chionde (4 64 g, 45 mmol) was added 1o a stured soln of
T(R=H.n = 107" (696 ¢. 30 mmol) 10 ether (30 D) at 0* The soln
was stirted at 24" for 90 min and concentrated to pive 7 78 g of the
acud chionde. which was procested with 23 (3.31 g. 30 mmol) and
EtyN (303 g. 30 mol) in CH.Cl, (60 ml), in a manner similar to
that of 6 The residue was chromatographed on S0, (hexane-
AcOEt =4 1) 10 pve S Tg (49%) of Sa. coloriess needles from
cther-hexane, mp 1374 IR 1780, 1740, 1710¢cm ' UV
(CHC1,) 303 (sh ¢ = 2090), 296 nm (2340) MS mie 391 (M°)
NMR 262-218 (QH. m. SCH;). 208 (3H. s. SCH.) (Found C,
646). H.747.N.360. S. 79 C, H4NO,S requures C. 64.43;
H.747.N.358.S.817%)

1.M2H) - Droxo - 2H - 1somadol - 2 .
bonyl) - methylthio|undecanoate (M)

A suspension of 11-bromoundecanox acxd (26.62¢. 0.1 mol).
ethyl-2.mercaptacetate (1163g. 013 mol) and KLO\ (NN 65,
02 mol) in DMF (200 ml) was stuved under an argon atmosphere

vimethvl - 11-{ethoxycar-

ThT vy ™ N}

at 25* for U The mixture was poured into dil HCl and
eatracted with ether. The extracts were washed with bnne. dned
and concentrated ix oacmo. The residue was chromatographed on
sidica gel (hexane-AcOEt=4-1) 1o pve 23g (93%) of 7
(R=COOE!. n=10). which was used in the following step A
suspension of 7 (R«COOEL, n=10) (1)6g M8mmol). D
(8725, 49 ) mmol). |-methyl-2<chloro-pyndmum rodide (13.85.
$38mmol) and Et,N (109g. 0108 mol) in CH/Cl; (30 mi) was
refluxed under an argon atmosphere for 2hs. After removal of
the solvent, the residue was purdied by S1O. chromatography
(hexane-AcOEt=4:1) 1o pve 116 (T%) of 8. coloriess
needles from ether-bexane. mp. §7.5-38.5° IR 1775, 1730¢cm "'
MS m/e 48) (M*) NMR: 320 (2H, s, SCH,), 275-2.03 (2H. m.
SCH;} (Found: C.62.19. H. 723. N, 311, 5. 688 C,H,NOS
requires C.62.19:H, 718N, 302, 5. 691% )

General procedure for the irradiation. A soln of 6 or 8 [0%-
258 (18-78mmol)} in acetone (29-70 mM) was uradiated with
2 400 W high pressure mercury lamp at 10-20" for 30-110min ina
stream of argon After removal of the solvent in vacuo. the
resdue was subgected to SiO; chromatography. followed by
recrystalization of each frachon. unless otherwise specified
(Table 1)

146.79.13b . Hexahydro - 13b - Aydroxy - |H . [1 .4 Tozath-
azomno [6.? - alisowndole - 6.9 - dione ()

The ressdue was recrystalized (ACOE!) to pve 408 mg (30%).
colorless crystals, mp 187-189" (dec.) IR 3380, 1740, 1695,
1685cm ' MS mie: 279 (M°). NMR (CDCI,-DMSO-4,) 788-
742 (4H. m. arom H), 645 (1H, s, OH), 482 and 391 (2H, ABq.
J=16Hz, NCH,). 49343 (IH, m. OCH), 40-3%7 (IH, m,
OCH). ) % and 298 (2H, ABq. ) = 14 8 Hz. SCH,). 32-267 (2H,
m. SCH,) (Found: C. 5545, H, 490, N, 488 S 1104
C.H,NO,S requires C. 5591, H. 470, N, S02.S. 11 4% )

14.6.789.10.10.13.07> . Decahydro - 1Tb - Aydroxy - 1H . [1.4.7]
. oxathuazacycloindecno(6.? - aJusowndole - 6,13 - dione (%) and
1.2456789.11.1% . decahydro - 15b - Rvdroxv - | - methvithi
-{1.8)o1azacycloundecino|4.$ - a)isowmdole - 4.11 - diome (100)

The residue was separated by chromatographytAcOE!-
hexane = 3 2) 9 (more polar) was recrystallized (benzene-
ACOE1) to pve 253 mg (36 1%). colorless pnsms. mp 171-172°
Molecular weght (MW) Cak 333, found }4 (1n MeOH) IR
3260. 1730, 1670cm ' MS mie 33S (M) NMR 77-73 (4H, m,
arom H), 483 (1H. 3. OH). 418 (2H. 1. J = 4 Hz. OCH,). 1388
and 311 (JH. ABq.J = 156 Hz. SCH,). 34-3.0 2H. m, NCH,),
2 (2H. 1,1 =5 Hz. SCH,). 233 QH. . COCH,). 2 1-1 2 (6H.
m. IxCH;,) (Found. C. 6071. H. 632, N, 435 S 94
CisHyNO,S requires C. 6088 H. 631, N, 418, S, 9 4%)

Compound 180 (less polar) was recrystallized (EtOH) 10 give
66 mg (9 4%). colorless pnsms. m p 166-167" (dec ) MW Cak 338,
found 333 (in MeOH) IR 3260.1730,1670cm ' MSmje 18 (M")
NMR 78-74(4H.m arom H) 6 40(1H. <. OH). 481 (1H ABXq.
J+118 20 Hz. OCH). 359 (2H. m. NCH;). 3 42 (1H. ABXq.
J=535.20H2SCHLIO(IH. ABXq.) - 1185 SH2. OCH).2 )1
(2H. m. COCH:). 201 3H. 5. SCH.). 20-10 (64, m. ¥« CH))
(Found C.6085. H. 6 44 N 418,594 C,-H.NO,Srequires C.
6088 H.631.N . ¢18. 5. 9%4)

3.4.789.10.11.12.13,14.15.16.18.22b .
Aydroxy 1H.6H |1.4.70zathiazac yclooctadecino(6.?
a|isoindole 6.8 dione (%¢) and
1.25.6.7.89.10,11.12.13.14,16 200 tetradecahydro - 20b
hvdrozv - | - methvithio - 4H - [1.S)ozazacvciohero decinol4. ¢
- a)isoiadole - 4,16 - dione (16¢)

The resdue was separated by chromatography (hexane-
AcOEt =1 2) % (more polar) was recrystalized (1sopropyl
ether) 10 gve 365 mg (34.6%), colorless pnsms, mp 109-111°
MW Cak 403, found 389 (in MeOH) IR 3270, 1725, 1670cm '
MS mie: 405 (M) NMR: 766-726 (4H. m, arom H) 488 (1H.
3. OHL438-3T8 (2H. . OCH,). 3.12 (2H, s, SCH,). 3 06 QH, o,
NCH,). 254 2H. q. J=12. 6 Hz. SCH;). 228 QH. 1. J = THz,
COCH,). 18-10(16H. m. 8 x CH,) (Found C.6482. H. 771 N,
331.S. 781 CLH,NOS requures C. 6516 H. 771 N, 345, S,
789%)

Tetradecahydro - 22b -
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Compound 16¢ (less polar) was recrystallized (AcOEt-hexane)
10 pve 131 mg (5.2%), colorless needles, mp 168-165" MW:
Calc 405; found 404 (18 MeOH). (R 3220, 1720, 1663 cm ' MS
mie 405 (M°) NMR: 7.4 (4H. m. arom H). § 14 and 4 34 2H.
esch ABXq. J=12. 6 Hz, OCH;). 459 (1H. 3., OHL 331 QH. m,
NCH,). 3.0 (1H. m, SCH). 239 (2H. 1. J = 6 Hz. COCH,). 1 86
OH.3.SCH,). | B-10(16 H.m .8 x CH,). (Found: C,65.75. H,7.71;
N,.3.32.S5.7.55.Co,H\ NO, Srequures C.63 16, H.7 71. N, 3.45; S,
789% )

4.5.6.7.8.9.10. 11, 12, 13,15, 16, 17,18, 19, 20, 12, 26b-
Octadecahydro - 26b - hydroxy - 1H.3H - [1.11 Bloxathiazacyclo-
docosino(9.8 - ajisomdole - 1522 - dione (%) and 2.3, 4.5. 6,7,
8.9.10. 11,13, 14,15, 16, 17,18, 20. 24b - octadecahydro . 24b -
Avdroxy - | - methyithio[ 8]ozazac yeloeicosimol9.8 - alusoindole
- 13, X0 - dione 110d)

The residue was separated by chromatography (bezane-
AcOE1 = 3:2) % (more polar) was obluned 677 mg (33.9%), a
pale yellow od MW Cak 461, found 414 (in McOH) IR
(CHC1,) 3330, 1730-169%cm ' MS mie 461 (M") NMR: 76-7)
(4H. m, srom H) 476 (1H, 5, OH). 4.0 (2H. m. OCH,). 32 and
304 (2H, ABq. [ = 14 Hz. SCH,). 148276 (2H. m. NCHy. 2 M
and 227 (4H. dt, J=7Hz. SCH,  COCH;), 1811 (24H. m.
12xCH,) (Found: C.67 19, H. 859, N, 2%,5,672 C,,HRNO,
Srequues. C.6765, H 852N 30). S, 693%)

Compound 18d (less polar} was recrystallized (AcOEt-hezane)
to pve 51 mg (16%), coloriess pnsms, mp 138-159°. MW: Cak
461 found 478 (in MeOH) IR 3200. 1725, 1675cm ' MS mie:
461 (M') NMR 80-73 (4H. m. arom. H), 4.1t (IH, s, OH), 4.1}
(2H.m. OCH:L. Y 24 (2H. m NCH:). 290 (1H. m. SCH). 248 3H.
s.SCHy). 2 M (QH. 0. J = TH2), 130 (24H, m, 12 x CH,). (Found.
C. 6724, H.  847. N, 278, S, 661 CpHWNOS requires. C,
6765, H. 852, N.)03.S.69I%)

4.5.6.7.8,9.10.11,12.13, 16,17, 18.19. 20, 21, 22, 23. 24, 25.
71, Yib. Docosahydro - 3b - hkydroxy - THIH.ISH -
{113 16)otathiazac seloheptacosino [15,16 - alusoindole - 15.27 -
dione (Be) and 2,3.4,5.6.7.8,9,10, 11, 14,15, 16,17.18.19. 20,
21.22.23,25. 290 - docosahydro - 29b - hydroxy - | - methylthwo
- TH.BH - [1.})oxazacyclopertacosmo[14.13 - a)usoindole -
1325 - done (10e)

The resrdue was separsted by chromatography (hexane-
AcOEt = 7-3) ¢ (more polar) was recrystalized (CHCI,-hex-
ane) to pre 962 mg (48%), coloriess needies, mp 125-127° MW
Cak 531, found $32 (in MeOH) IR 3200, 1735, 1680, 168Scm ™’
MS m/e S)1(M") NMR 763728 (4H. m, arom H), ¢ 57 (IH.
s, OH), 405 (2H. 1. J = 6 Hz, OCH,). 34277 (2H, m. NCH,).
32 and 30 (2H, ABq. ) = 14 H2, SCH,). 2 3 (2H. m, COCH,).
208(2H.1.) = THz, SCH;). 1810 (MH. m_ 17 xCH,). (Found:
C.711, H 914, N, 251, S, 59 CyHANO,S requires: C,
7002 H.929.N. 263, 5. 6.02%)

Compound 18 (less polar) was recrystallized (CHCl,-hexane)
to pre 196 mg {9.8%), coloriess prisms, mp 143-145° MW Cak
$31, found 529 n MeOH) IR 3260, 1730, 1670cm ' MS mie:
$31(M°) NMR: $0-728 (4H. m. arom H). 4 29{IH. 5. OH). 40
(2H. m. OCH,). 319 (2H. m, NCH,), 29 (1H. m, SCH), 24 (OH.
5. SCHy. 23 2H. m. COCH,). 19-08 (34H. m. 17xCH,).
(Found C.6971. H. 897, N, 250.8. 595 C,,HaNO,S requires’
C.7002. H.929. N, 26). 5. 602%)

45,6, 7,89 10, 11,12, 13, 17, 21d - Dodecakydro - 2ib -
Aydroxy - |H, JHISH - (1.6.3]oxatkiazac yclokepiadecino(4.3 - 8]
- 1soindole - 13.17 - dwne (120) and 2.3.4.5,6,7.8,9.10.1), 15,
190 . dodecahydro - 19 - Aydroxy - | - methyithio - 1H.13H -
{1.3)ozazacyclopentadecino(4.3 - alisoindole - 11.15 - dione (13a)

The resdue was separated by chromatography (hexane-
AcOEt =3 1) 12a (more polar) was recrystallized (AcOEN) to
pve 095 (45%), coloriess ncedies, mp 126-128° MW: Calc
391: found 387 (in CHCI) IR 3200, 1745, 16835cm ' UV
(MeOH)' 2M (¢ = 7720). 228 (10100), 220 am (10260) MS m/e:
191 (M") NMR 81-74% (4H. m. srom H), $31 QH. s. NCH.),
443 (1H. brs. OH). 327 and 292 (2H. ABq. J = 14 Hz, SCH,).
21-21 (4H. m. SCH, COCH,). 20-10 (J6H, m, 8xCH)
(Found C. 6438 H. 737, N,35%6.5.812 C),,HaNO,S requues:
C, 6443, H 747 N, 338, S B.I7%) 13a (less polar) was

M WaDa ef o

Compound 13a (less polar) was recrystallized (ether-hexane) 10
pve 0 158 (7.1%). coloriess needies. m p 141-142° MW Calc 391.
found 390 in CHCHy) IR 3300, 1735, 1690 ¢cm™' UV (MeOH) 238
(e = 71301 229 (88601, 222 nm (8780) MS mie 391 (M") NMR
$1-745 (4H. m, arom H). 553 and $ 24 (2H, ABq. J = 11 S Hz.
NCH: 428 (1H. bem, OH). 3O (IH. 0. SCH). 233-2 14 QH. m,
COCH;).232(3H.4. SCH.).20-10116H.m. 8 x CH.) (Found C.
6427 H. T4 N 3 S.82 C.:HwNOS requires C 6443 H,
T47. N, 398 .S . 817%)

V. Ethoxycarbosyl - 4,5, 6,7, 8.9, 10, 11,12, 11, 17, 2ib -
dodecakydro - 21b - Rydroxy - THIH.ISH - [1.63]ozathi:
a:acycioheptadecino{4,) - a) sondole - 1317 - diome (12D)
(trans and cis)

The resdue was sepanated by chromatography (hexane-
AcOEL = 2.1) 120 (cus; more polar) was recrystalized (ether-
hexane) 10 give 0.4 g (16%), coloriess prnsms, mp. 111-112° MW,
Calc 46); found 459 (in MeOH). IR: 3250, 1750, 1730, 1700 ¢m .
MS mje: 463 (M) NMR: 806-7.24 (4H. m, wom. H). $77 and
S3(2H. ABq. J=115HZ NCH,). 494 (1H. m. OH). 4 1 (QH. q.
J1=72Hz. OCH;). 40 (IH. 5. CH). 30-20 (4H, m, COCH..
SCH;), 1.24 3H, 1. )= THz. CH,). 20-10 (16H. m. 8xCH,)
(Found C. 6221, H.706.N.301. 5,69 C,H,NO,S requires.
C.6219. H. 718, N 302, S, 691% ) 12b (t7aa3 . kess polar) was
recrystallized (CHCl-bexane) 10 pve 105g (429%), coloriess
needies, mp 121-123° MW: Calc 463 found 45 (in MeOH) IR
1280, 1740, 1690¢m ' MS mic 463 (M}, 417 160 NMR:
803-T44 (4H. m. arom H). S S2QQH. s, NCH;). 4 21 (1H. 5. CH).
4.08 (1H. s, OH). 398 (2H, m. OCH,), 30-21 (4H. m, COCH,.
SCH,). 1.38 (16H, m, 8xCH,). 095 (3H. 1. J=69Hz, CH)
[Found C.6216, H. 718, N.296.S. 69 C;H\iNO,S requires
C.6219. H. 718, N, 3.02.S.691% )

3.4.6.7-Teirghydro-9H - [1 4.7ozathiaominnlb.” - af isoindole -
6.9 - dione (11n)

Method A A soin of % (500mg. | W mmol} and p-toluen-
sulfonc acd (100 mg) 1n CH,Ci. (S0 mN was refluxed for | hr
Aftes removal of the solvent, the residue was chromotographed on
$10: ihenzene-AcOEL =94 0% to pive 200mg (407%) of 1la.
coloriess pnsms from CHCl—ether. mp 186-188° [R 1735,
1710cm ' MS m/e: 261 (M") NMR- 80-74 (¢H. m, arom H).
642 (1H, . olefinic H). $ 6-4.0 (4H. m, NCH;. OCH,1. 295 (2H.
t.J=63Hz. SCH,) (Found: C. 5946, H ¢ 4 N . 523.5. 1209
CoH NO S requires C. 5977, H. 4 4. N.$36. 5. 1225% )

| - (Ethoxycarbonyl) - 4.5.6.7.8.9,.10, 11,12, |13 . decahydro -
SHOSHUTH - ovatkiazacycloheptadecing (4.3 - ajisondole -
1017 . dioae (16)

Method B. Thionyl chionde {31 4 mg, 0 43 mmol) was added to
a stured soin of 1230 trans (100 mg. 0.22 mmol) 1 pyndine {1 ml)
at - 30° The soln was stirred at - 307 for 2 hr and then at 25° for
Yhr The mixtwre was poured into H.O and extracted with
CH,CI; The extracts were washed with (0% HCI. dned. and
concentrated o vacuo The ressdue was punfed by Si0, pre-
parative TLC (bexane-AcOE1=2 1) 10 pve 61 mg (64%) of 2
yellow ol [R(hqusd}: 1735, 1810, 1585cm ' MS mie 46 (M~ +
1), 455 (M°) NMR 91689 (1H. m, arom H). 80-74 OH. m.
arom H), 678 and $47 (2H. ABq. J » 1.4 Hz, NCH,), 436 2H,
q. J=74Hz, OCH,), 310-20 (4H. m, COCH,. SCH;). 20-1.0
(19H, m, 8 xCH,. CH,) (Found C.64%S; H. 700: N, 316, S,
702 Co,,HyNO.S requures: C. 6470, H 701, N, 1 14.S. 7 18%)

Dehydration of 128-cis was processed in the same manner as
descnbed for 120-trany 10 pve 52% of 14b. which was Wdentical
with the above compound (140}

1.4,7.8,9.10. 1112, 13, 14, 15, 16 - Dudecahydro - 18H - [1,4.7]
- oxathuatacyclooctadecinol6,? - slisomndole - 6,18 - dione (11¢)

According to Method B, 11¢ was obtained as a colorless ol
after S10; chromatography (hexane-AcOEt = 9. 1) in 40% yield
IR(CHCL,): 1730, 1690, 1610cm™' MS mie: 387 (M) NMR:
$31-7.46 (4H. m. arom. H), 6.05 (1H. 5. olefinxc H), 433 (2H, 1,
J=THz SCH,). 381 QH. t, J=66Hz, OCH,l. 160 (2H. 1,
J=THz, NCHy), 237 QH. 1. J = SHz. COCH,). 131 (16H. m,



Apphication of the remote photocychizatson

8xCH;). (Found: C.68.27. H. 765, N, 3.67, 5, 8.10. CyHoNO,S
requues: C,68.19; H 7.54. N, ) 62. S. 8 %)

X-ray crystallographic analysis

The crysta) data for 120-trans which is recrystalhzed from
ether as colorless plates; C,H,\\WNO.S (MW 463.60) are as fof-
lows; tnchax, space group. Pi. A= 11.707(1), b= 1) 52K2),
C=8NNA a=10I377(6). B = 86 T&(T), y = 112 BUSP. V =
12024A%. D= 1.200g/cm’, Z = 2. The intensity data were col-
lected on a Rigaku avtomatic four<ircle difiractometer (AFC.3)
using CuKa radiation monochromated by means of a graphute
plate; 408] independent reflections with 24 less than |130° were
measured of which 2823 were considered observed. having
|Fol & Joi[Fof). The intensities were corrected for the Lorentz
and polanzatwon factors but no absorption correction was ap-

pied.

Quantam peids

Acetonitnle solas of a sample of ée (10 ™M) 1n Pyrex tubes
were degassed by five freeze-pump-thow cycles and sealed
voceo al 510 'Torr Quantum ywlds were measured relative to
0012 M polassium fermozalate actinometer’’ on paraliel uradia-
ton of samphes of wdentcal volumes (S ml). Irradialioas were
performed on & merry-go-round apparatus with 3 Eikoshs 500 W
hugh pressure mercury lamp costained in » walercooled, quartz
immersion well A chemical 8lter of 1.4 M potassium chromate
in 0 1% NaCOuq’" was used to nnolate the 313 am line. After
the uraduation. the products were isolated by sia gel pre-
panstive TLC (Merck precoated PLC 60F-234, CHC!-MeOH =
20:1) and product formations were determined by measurement
of optxal densies m EtOH at 250 am. Quantum yweld of the
formation of e from ée was 0013 = 0003
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